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ABSTRACT 

One Aerojet-General Corporation, Alcor IB, solid-propellant rocket 

motor was successfully tested at an average simulated altitude of 
i00,000 ft while spinning about its axial centerline at an average spin 
rate of 304.3 rpm. ' The objective of this test was to evaluate the ballistic 
performance, tailoff characteristics, and structural integrity of the 

flightweight motor assembly under the combined effects of rotational spin 

and near-vacuum environment. The vacuum total impulse was 256,616 

ibf-sec; the vacuum specific impulse, based on the vacuum total impulse 
and pre- and post-fire weight difference, was 279. 12 Ibf-sec/ibm. The 

total burn time, defined as the time interval from the application of 

voltage to the igniter to the time when the chamber pressure-to-cell 

pressure ratio is 1.3, was 35.30 sec. 
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SECTION I 

INTRODUCTION 

The four-stage, partially guided, Athena booster is a solid-propellant 

re-entry test vehicle used to place a payload at a designated point in space 

and at certain specified conditions so that useful re-entry experiments 

may be performed. 

The vehicle consists of first- and second-stage boosters and a re- 
entry package consisting of the third and fourth stages and the payload. 
The third and fourth stages of the vehicle are used to drive a 50-1bm pay- 
load back into the atmosphere at a speed of about 22,000 ft/sec. Staging 
is controlled by a time sequence based on the predicted performance of 
each motor, whereas the trajectory and impact point are dependent on in- 

flight ballistic performance (Ref. i). 

The data from the most recent static test firing of the Alcor IB motor 

indicated an abnormally long tailoff. Consequently, a test program was 

conducted to document the tailoff characteristics and ballistic performance 
of the Aerojet Alcor lIB when fired under the combined effects of simulated 

altitude and 300-rpm rotational spin. 

One Aero]et Alcor lIB, solid-propellant rocket motor was fired at an 

average simulated altitude of i00,000 ft while rotating about its axial 
eenterline at approximately 300 rpm. Ignition and tailoff characteristics 

are discussed along with motor ballistic performance. 

SECTION II 

APPARATUS 

2.1 TEST ARTICLE 

The Aerojet Alcor IB, solid-propellant rocket motor (Fig. I) has a 
titanium alloy case (proof-pressure-from 645 to 650 psi) with a nominal 
outside diameter of 20.52 in. and alength of 55. 16 in. The overall length 
of the motor with the 16.3:1 area ratio nozzle installed is 76. I0 in. The 
motor case is insulated throughout with 0. 075-in. -thick Elastomer Gen- 

Gard V-44 and V-45 rubber. 

The Aerojet Alcor IB (Fig. la) is loaded with 913.7 ibm of Aerojet 
ANB-3066 Type III Polybutadiene propellant. The propellant is cast in 
a modified 6-point-star configuration with the star points every 60 deg. 
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The loaded motor weighs approximately i000 Ibm. Nominal motor per- 
formance is: thrust, i0,000 ibf; chamber pressure, 528 psia; and action 
time, 25.6 sec. 

T h e  1 6 . 3 : 1  a r e a  r a t i o  c o n t o u r e d  n o z z l e  h a s  a n o m i n a l  ex i t  h a l f -  
a n g l e  of  14 d e g .  T h e  g l a s s  r o v i n g ,  e p o x y - i m p r e g n a t e d  n o z z l e  ex i t  c o n e  
i s  a t t a c h e d  to  t h e  m o t o r  c a s e  by m e a n s  of a 4130  s t e e l  a d a p t e r  f l a n g e .  
T h e  n o z z l e  i s  i n s u l a t e d  i n t e r n a l l y  w i t h  s i l i c a  p h e n o l i c  t a p e .  T h e  A T J  
g r a p h i t e  t h r o a t  i n s e r t  h a s  an  a r e a  of  1 3 . 3 9  in .  2 

I g n i t i o n  w a s  a c c o m p l i s h e d  by an  i g n i t e r  ( F i g .  2), w h i c h  c o n t a i n s  a 
m a i n  c h a r g e  of  A l c l o  p e l l e t s  w e i g h i n g  n o m i n a l l y  120 g m .  T h e  i g n i t e r  
i n c o r p o r a t e s  f o u r  B e r m i t e  400735  s q u i b s  in  t w o  p a r a l l e l  s e t s .  E a c h  s e t  
c o n t a i n s  t w o  s q u i b s  in  p a r a l l e l .  T h e  s q u i b s  a r e  u s e d  to  i g n i t e  an  i n i t i a t o r  
c h a r g e  of  b o r o n  a n d  p o t a s s i u m  n i t r a t e  ( B P N )  p o w d e r .  T h e  i g n i t e r  c h a r g e  
i s  c o n t a i n e d  in a h o n e y c o m b - l i k e  t u b e  o v e r w r a p p e d  w i t h  p o l y e s t e r  t a p e .  
T h e  t o t a l  i g n i t e r  w e i g h t ,  i n c l u d i n g  c h a r g e s ,  i s  1 . 9  l b m .  T h e  i g n i t e r  
c o n t a i n e d  p o r t s  to  h o u s e  c h a m b e r  p r e s s u r e  t r a n s d u c e r s .  

S i n c e  t h e  n o z z l e  d id  no t  c o n t a i n  a c l o s u r e ,  m o t o r  c h a m b e r  p r e s s u r e  
w a s  e q u a l  to  c e l l  p r e s s u r e  at  i g n i t i o n .  

2.2 INSTALLATION 

The motor was installed in Propulsion Engine Test Cell (T-3) (Ref. 2) 
in a spin fixture assembly mounted on a thrust cradle, which was supported 
from the cradle support stand by three vertical and two horizontal double- 
flexure columns (Fig. 3). The spin fixture assembly consisted of a 10-hp 
squirrel-cage-type drive motor, a forward thrust bearing assembly, a 
drive shaft and thrust pylon, and an aft bearing assembly. Electrical leads 
to and from the igniter, pressure transducers, and thermocouples on the 
rotating motor were provided through a 52-channel slip-ring assembly 
mounted on the drive shaft. Axial thrust was transmitted through the drive 
shaft-thrust bearing assembly to two double-bridge load cells mounted just 
forward of the thrust bearing. 

P r e - i g n i t i o n  p r e s s u r e  a l t i t u d e  c o n d i t i o n s  w e r e  m a i n t a i n e d  in t h e  t e s t  
c e l l  by  a s t e a m  e j e c t o r  o p e r a t i n g  in s e r i e s  w i t h  t h e  R T F  e x h a u s t  c o m -  
p r e s s o r s .  D u r i n g  t h e  m o t o r  f i r i n g ,  t h e  m o t o r  e x h a u s t  g a s e s  w e r e  u s e d  
a s  t h e  d r i v i n g  g a s  f o r  t h e  4 7 . 2 5 - i n .  - d i a m ,  e j e c t o r - d i f f u s e r  s y s t e m  to  
m a i n t a i n  t e s t  c e l l  p r e s s u r e  at  an  a c c e p t a b l e  l e v e l .  
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2.3 INSTRUMENTATION 

Instrumentation was provided to measure axial thrust, test cell pres- 
sure, motor chamber pressure, motor case and grain temperatures, and 
motor rotational speed. Table I presents instrument ranges, recording 
methods, and system accuracies for all measured parameters. 

The axial thrust measuring system consisted of two double-bridge, 
strain-gage-type load cells mounted in the axial double-flexure column 
forward of the thrust bearing on the rocket motor centerline. Unbonded 
strain-gage-type transducers (0- to !-psia) were used to measure test 
cell pressure. Bonded strain-gage-type transducers in ranges from 0 to 
15, 0 to 30, and 0 to 750 psia were used to measure motor chamber pres- 
sure. Iron-Constantan (IC) thermocouples were bonded to the motor case 
(Fig. 4) to measure outer surface temperatures during and after motor 
burn time. In addition, thermoeouples were taped to the propellant grain 
to measure pre-fire grain temperature. 

Rotational speed of the motor and spin rig assembly was determined 
from the output of a magnetic pickup. 

The output signal of each measuring device was recorded on inde- 
pendent instrumentation channels. Ballistic data were obtained from four 
axial thrust channels, two high range (0- to 750-psia) and two low range 
(0- to 30- and 0- to 15-psia) motor chamber pressure channels, and 
three test cell pressure channels. These data were recorded as follows: 
Each instrument output signal was indicated in totalized digital form on 
a visual readout of a millivolt-to-frequency converter. A magnetic tape 
system, recording in frequency form, stored the signal from the converter 
for reduction at a later time by an electronic digital computer. 

The output signal from the magnetic rotational speed pickup was 
recorded and displayed on visual indicators in the following manner: A 
frequency-to-analog converter was triggered by the pulse output from the 
magnetic pickup and in turn supplied a square wave of constant amplitude 
to the electronic counter, magnetic tape, and oscillograph recorders. 
The scan sequence of the electronic counter was adjusted so that it dis- 
played directly the motor spin rate in revolutions per minute. 

The millivolt outputs of the thermocouples were recorded on mag- 
netic tape from a multi-input, high speed, analog-to-digital converter at 
a scan rate for each thermocouple of 6.66 times/sec. A photographically 
recording, galvanometer-type oscillograph provided an independent backup 
of all operating instrumentation channels. 

3 
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S e l e c t e d  c h a n n e l s  of  t h r u s t ,  p r e s s u r e s ,  and  t e m p e r a t u r e s  w e r e  
r e c o r d e d  on n u l l - b a l a n c e ,  p o t e n t i o m e t e r - t y p e  s t r i p  c h a r t s  f o r  a n a l y s i s  
i m m e d i a t e l y  a f t e r  t h e  m o t o r  f i r i n g .  V i s u a l  o b s e r v a t i o n  of t h e  f i r i n g  
w a s  p r o v i d e d  by a c l o s e d - c i r c u i t  t e l e v i s i o n  m o n i t o r .  H i g h  s p e e d ,  
m o t i o n - p i c t u r e  c a m e r a s  p r o v i d e d  a p e r m a n e n t  v i s u a l  r e c o r d  of t h e  
f i r i n g .  

2.4 CALIBRATION 

T h e  t h r u s t  c a l i b r a t o r  w e i g h t s ,  t h r u s t  l o a d  c e l l s ,  a n d  p r e s s u r e  t r a n s -  
d u c e r s  w e r e  l a b o r a t o r y - c a l i b r a t e d  p r i o r  t o  u s a g e  in t h i s  t e s t .  A f t e r  i n -  
s t a l l a t i o n  of t h e  m e a s u r i n g  d e v i c e s  in  t h e  t e s t  c e l l ,  a l l  s y s t e m s  w e r e  
c a l i b r a t e d  at  s e a - l e v e l  a m b i e n t  c o n d i t i o n s  a n d  a g a i n  at  p r e s s u r e  a l t i t u d e  
c o n d i t i o n s  a f t e r  t h e  3 0 0 - r p m  r o t a t i v e  s p e e d  w a s  a t t a i n e d .  

T h e  p r e s s u r e  s y s t e m s  w e r e  c a l i b r a t e d  by an  e l e c t r i c a l ,  f o u r - s t e p  
c a l i b r a t i o n ,  u s i n g  r e s i s t a n c e s  in  t he  t r a n s d u c e r  c i r c u i t s  to  s i m u l a t e  
s e l e c t e d  p r e s s u r e  l e v e l s .  T h e  a x i a l  t h r u s t  i n s t r u m e n t a t i o n  s y s t e m s  w e r e  
c a l i b r a t e d  by a p p l y i n g  to  t h e  t h r u s t  c r a d l e  k n o w n  f o r c e s  w h i c h  w e r e  p r o -  
d u c e d  by t h e  d e a d w e i g h t s  a c t i n g  t h r o u g h  a b e l l  c r a n k .  T h e  c a l i b r a t o r  i s  
h y d r a u l i c a l l y  a c t u a t e d  and  r e m o t e l y  o p e r a t e d  f r o m  t h e  c o n t r o l  r o o m .  

A f t e r  t h e  m o t o r  f i r i n g ,  w i t h  t h e  m o t o r  s p i n n i n g  at  s i m u l a t e d  a l t i t u d e ,  
t he  s y s t e m s  w e r e  r e - c a l i b r a t e d  to  d e t e r m i n e  if any  s h i f t  h a d  o c c u r r e d .  

SECTION III 

PROCEDURE 

T h e  A e r o j e t  G e n e r a l  C o r p o r a t i o n ,  A l c o r  1B ( S / N  S T V 0 9 7 ) ,  s o l i d -  
p r o p e l l a n t  r o c k e t  m o t o r  a r r i v e d  at  A E D C  on  J u l y  1, 1966.  T h e  m o t o r  
w a s  v i s u a l l y  i n s p e c t e d  f o r  p o s s i b l e  s h i p p i n g  d a m a g e  a n d  r a d i o g r a p h i c a l l y  
i n s p e c t e d  f o r  g r a i n  c r a c k s ,  v o i d s ,  o r  s e p a r a t i o n  and  f o u n d  to  m e e t  
c r i t e r i a  p r o v i d e d  by t h e  m a n u f a c t u r e r .  D u r i n g  s t o r a g e  in an  a r e a  
t e m p e r a t u r e  c o n d i t i o n e d  at  80 + 5°F ,  t h e  m o t o r  w a s  c h e c k e d  to  e n s u r e  
c o r r e c t  f i t  of  m a t i n g  h a r d w a r e ,  t h e  e l e c t r i c a l  r e s i s t a n c e  of t h e  i g n i t e r  
w a s  m e a s u r e d ,  t h e  n o z z l e  t h r o a t  and  e x i t  d i a m e t e r s  w e r e  o b t a i n e d ,  
t h e r m o c o u p l e s  w e r e  b o n d e d  to  t h e  g r a i n  a n d  m o t o r  c a s e ,  and  t h e  e n t i r e  
m o t o r  a s s e m b l y  w a s  w e i g h e d .  B e f o r e  i n s t a l l a t i o n  in t h e  t e s t  c e l l ,  t h e  
m o t o r  w a s  t e m p e r a t u r e - c o n d i t i o n e d  at  80 ± 5°F  f o r  a m i n i m u m  of  48 h r .  

A f t e r  i n s t a l l a t i o n  of  t h e  m o t o r  in  t h e  t e s t  c e l l ,  t h e  c e l l  t e m p e r a t u r e  
c o n d i t i o n i n g  s y s t e m  w a s  a d j u s t e d  to  m a i n t a i n  t h e  c e l l  t e m p e r a t u r e  at  
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80 + 2°F, instrumentation connections were made, and a continuity check 
of all electrical systems was performed. The motor was spun at sea- 
level conditions at 300 rpm to ensure proper balance of the spin rig 

assembly. Pre-fire, sea-level calibrations were completed, the test 

cell pressure was reduced to the desired simulated altitude condition, 

and altitude calibrations were accomplished. Spinning of the unit was 
then started, and after spinning had stabilized at 300 rpm, a complete 

set of altitude calibrations was taken. The final operation prior to firing 

was adjustment of the circuit resistance and voltage to provide the desired 

current to the igniter squibs. The entire instrumentation measuring- 
recording complex was activated, and the motor was fired while spinning 
(under power) at 300 rpm. _After motor burnout, the 300-rpm spin rate 
was maintained until post-fire altitude calibrations were accomplished. 

The unit was then decelerated slowly until rotation had stopped, and an 
additional set of calibrations was taken. The test cell pressure was 

returned to ambient conditions, and the motor was inspected, photographed, 
and removed to the storage area. Post-fire inspections consisted of meas- 

uring the nozzle, weighing the motor, and photographically recording the 

post-fire condition of the motor. 

SECTION IV 

RESULTS AND DISCUSSION 

One Aerojet Alcor IB solid-propellant rocket motor was fired at an 
average simulated altitude of i00,000 ft while spinning at 300 rpm. Igni- 

tion and tailoff characteristics, altitude ballistic performance, structural 

integrity, and motor temperatures are discussed. 

The ballistic performance data obtained are summarized in Table If, 

and the summary of motor physical dimensions is presented in Table Ill. 

When more than one instrumentation channel was used to obtain values of 

a single parameter, the average of these values was used to calculate the 

data presented. 

The ballistic performance data are presented and evaluated on the 

basis of parameters defined in iRef. 3. The parameters are defined as 

follows: 

I. 

. 

Ignition delay time (td) is defined as the time from applica- 
tion of voltage to the igniter to the time the chamber pres- 

sure increases to i00 psia. 

Action time (ta) is defined as the time interval between the 
100-psia points on the rising and decaying portions of the 

chamber pressure-time curve. 

S 



AEDC-TR-66-186 

Ref .  

3. C r i t i c a l  t i m e  (t c) i s  the  t i m e  i n t e r v a l  b e t w e e n  a p p l i c a t i o n  
of v o l t a g e  to  t he  i g n i t e r  and the  t i m e  w h e n  the  c h a m b e r  
p r e s s u r e  d e c a y s  to  30 p s i a  d u r i n g  t a i l o f f .  

4. T o t a l  t i m e  (tt) i s  t h e  t i m e  f r o m  t h e  f i r s t  i n d i c a t i o n  of 
t h r u s t  o r  c h a m b e r  p r e s s u r e  un t i l  t he  c u r v e  d e c a y s  to  

m 

z e r o .  * 

5. M a x i m u m  t h r u s t  ( F m a x v a c )  is  t he  h i g h e s t  t h r u s t  d e v e l o p e d  

by the  m o t o r  d u r i n g  f i r i n g .  

6. M a x i m u m  p r e s s u r e  ( P m a x )  is  t he  h i g h e s t  c h a m b e r  p r e s s u r e  
d e v e l o p e d  by the  m o t o r  d u r i n g  f i r i n g .  

7. V a c u u m  c r i t i c a l  i m p u l s e  ( I v a c c r i t i c a l )  is  t h e  a r e a  u n d e r  the  

t h r u s t  t i m e  c u r v e  f o r  the  d u r a t i o n  of  c r i t i c a l  t i m e  ( tc) .  

T a b u l a t e d  b e l o w  a r e  t he  a c c e p t a b l e  p e r f o r m a n c e  l i m i t s  s t a t e d  in 
3. 

P a r a m e t e r  

V a c u u m  C r i t i c a l  I m p u l s e  ( I v a c c r i t i c a l ) ,  
l b f - s e c  

M a x i m u m  T h r u s t  ( F m a x v a c ) ,  lbf  

M a x i m u m  P r e s s u r e  ( P m a x ) ,  p s i a  

A c t i o n  T i m e  ( ta) ,  s e c  

C r i t i c a l  T i m e  ( tc) ,  s e c  

T o t a l  T i m e  (tt) ,  s e c  

M a x i m u m  I g n i t i o n  D e l a y  T i m e  (td),  s e c  

IGNITION AND TAILOFF CHARACTERISTICS 

Value at 

80°F Tolerance 

2 5 6 , 5 0 0  ±2670 

1 3 , 0 7 5  ±915 

640 - - -  

2 5 . 4 6  ± 1 . 8 6  

2 6 . 4 4  ± 2 . 0 0  

2 8 . 3 8  ± 3 . 9 2  

0 .  i 0 0  - - -  

4.1 

The motor was ignited at a pressure altitude of 106,000 ft. 

simulated altitude during the motor action time was i00,000 ft. 

The average 

An analog 

*Because nozzle flow becomes unchoked when the ratio of chamber 

pressure-to-cell pressure decreases to about i. 3, data beyond this point 
are not representative of vacuum performance of the motor. For this 

report, total time (t t) is defined as the time from the first indication of 

chamber pressure until the ratio of chamber pressure-to-cell pressure 

decreases to i. 3. 
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trace of thrust and chamber pressure characteristics during motor ignition 
is presented in Fig. 5. The ignition delay time was 0.035 sec, this is 
0. 065 sec less than the maximum allowable. 

Figure 6 presents variation of measured thrust, chamber pressure, 
and cell pressure during the firing. Tailoff characteristics are presented 
in detail in Figs. 7 and 8. Figure 7 presents the tailoff data starting with 
the increase in cell pressure, indicating that the rocket motor exhaust 
plume has become unattached from the diffuser duct, and ending at the 
point when motor chamber pressure decreases to approximately 12 psia. 
Figure 8' presents the tailoff data starting with a chamber pressure of 
approximately 12 psia and continuing until the ratio of chamber pressure- 
to-cell pressure decreases to 1.3 (point at which exhaust flow in the 
throat becomes subsonic). 

Abnormally high cell pressure was experienced during the time in- 
terval from the rocket exhaust plume becoming unattached to the diffuser 
and the re-establishment of the steam ejector's plume. Post-fire inspec- 
tion of the test cell and water jacket on the diffuser showed that the diffuser 
water jacket had failed during the firing. Thras[ data fluctuations during 
tailoff (Fig. 6) indicate that the density of the exhaust gases re-entering the 
test chamber suddenly increased, indicating that water and/or steam was 
introduced into the system from the diffuser water jacket. Water and 
steam in combination with the exhaust gases increased the cell pressure 
to a maximum value of I. 8 psia. 

The low range chamber pressure data (Figs. 7 and 8) do not contain 

inflection points. It is, therefore, concluded that chamber pressure was 
unaffected by the cell pressure (nozzle remained choked) during the period 

of high test cell pressure. 

The values of the following parameters defined in the previous section 

wcre determined to be: 

Motor S/N 
Parameter STV 097 

Action Time (ta), sec 25. 627 

Critical Time (tc), sec 26. 692 

Total Time (tt), sec 35.30 

Performance Limits 

23.60 to 27.32 (Specified) 

24.44 to 28.44 (Specified) 

24.46 to 32.30 (Predicted) 

Action and critical times were within the specifications, whereas total 
time was 3 sec longer than the predieted limits. 
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4.2 BALLISTIC PERFORMANCE 

The v a r i a t i o n s  of t h r u s t ,  c h a m b e r  p r e s s u r e ,  and t e s t  ce l l  p r e s s u r e  
with  t i m e  d u r i n g  the m o t o r  f i r i n g  a r e  shown in Fig.  6. 

Since the exhaust nozzle does not operate fully expanded at the low 
chamber pressure encountered during tailoff, the measured thrust data 
cannot be corrected to vacuum conditions by adding the product of cell 
pressure integral and nozzle exit area. Therefore, total, critical, and 
action times were segmented, and the method used to determine vacuum 
impulse is illustrated in Fig. 9. The exhaust nozzle flow breakdown was 
considered to have occurred simultaneously with the exhaust diffuser flow 
breakdown (as indicated by a rapid increase in cell pressure). The flow 
at the nozzle throat was considered sonic until the ratio of chamber 
pressure-to-cell pressure had decreased to a value of I. 3. 

The v a c u u m  to ta l  and c r i t i c a l  i m p u l s e  and the s p e c i f i e d  l i m i t s  a r e  
t a b u l a t e d  below:  

P a r a m e t e r  
Moto r  S / N 

STV 097 
Spec i f i ed  

P e r f o r m a n c e  L i m i t s  

V a c u u m  C r i t i c a l  I m p u l s e ,  l b f - s e c  255 ,696  253, 830 to 259, 170 

V a c u u m  To ta l  I m p u l s e ,  l b f - s e c  256 ,616  

V a c u u m  Ac t ion  I m p u l s e ,  l b f - s e c  254 ,366  

The specified performance limits apply only to vacuum critical impulse; 
however, the vacuum total and action impulse also fall within the specified 
limit. 

The vacuum total specific impulse based on pre- and post-fire motor 
weight (expended mass including the combustion products deposited in the 
nozzle exit) was 279.12 ibf-see/Ibm. The vacuum critical impulse based 
on expended mass was 278.12 lbf-sec/ibm. The average vacuum thrust 
coefficient based on critical time was 1.733. 

4.3 STRUCTURAL INTEGRITY AND TEMPERATURE DATA 

Motion-picture films of the firing and the post-fire condition of the 
motor indicate that an unusually large amount of combustion products 
was deposited on the interior of the nozzle cone near the area of the exit 
(Fig. i0). Centrifugal forces acting on the deposited molten products of 
combustion caused the material to flow from the nozzle exit in a direction 
radial to the axis of rotation. Post-fire inspection of the motor revealed 
that the nozzle throat area had increased 7. 588 percent (Table Ill) during 
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motor operation. The nozzle exit area decreased 0.73 percent during 

motor operation. The structural integrity of the motor case, nozzle, 

and igniter assemblies appeared to be satisfactory. 

Figure II presents temperature-time histories from thermocouples 

located on the motor case. A maximum temperature of 357°F was 
recorded on the forward dome of the motor chamber at thermocouple 
position 7 (Figs. 4 and lla) at approximately 108 sec after ignition. 

The maximum temperature of 444°F occurred in the cylindrical portion 

of the motor case at position 5 (Figs. 4 andllb) at 156 sec after motor 

ignition. 

SECTION V 
SUMMARY OF RESULTS 

The results of testing an Aerojet-General Corporation, Alcor IB, 

solid-propellant rocket motor at an average simulated altitude of 

I00,000 ft, while spinning about the axial centerline at an average rota- 

tional speed of 304.3 rpm, are summarized as follows: 

I. 

. 

. 

Satisfactory motor ignition was obtained at a pressure 

altitude of 106,000 ft. The ignition delay time, defined as 

the time interval from application of voltage to the igniter 
to the time the chamber pressure reached i00 psia, was 
0. 035 sec. The maximum specified ignition delay time is 

0. i00 sec. 

The vacuum total impulse was 256,616 ibf-sec. Vacuum 
critical impulse was 255,696 lbf-sec. Specified limit of 
vacuum critical impulse is 256,500 + 2670 ibf-sec. The 

vacuum specific impulse, based on the vacuum total im- 
pulse and the pre- and post-fire weight difference, was 

279. 12 ibf-sec/ib m. 

The total time, defined as the time interval from the applica- 
tion of voltage to the igniter to the time that the chamber-to- 

cell pressure ratio equals 1.3, was 35.30 sec. The specified 
limit of total time is 28.38 + 3. 925 sec. The critical time, 
defined as the time interval from application of voltage to the 
igniter to the time that chamber pressure decreases to 30 psia 
at tailoff, was 26. 692 sec. The spedified limit of critical time 

is 26.44 + 2.00 sec. 
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T 
0 

ii Pressure 

[ Time 
t o 

~ _Nozzle Flow 
Breakdown 

Chamber ~essure,~ ~ o ~  
Flow at Nozzle 
T~oat Becomes 
Subson ic  7 

tbd t e t t 

tbd  tbd t t 

Ivactotal = f F dt + A f peell dt + cf /Pea ex (avg)  Ath ( p o s t )  dt  

t O t O tbd 

VaCcritical 

tbd  tbd t c 

f ~ + ~  f f . Ath(post) eX(avg ) Pcell dt + cf Pc 

t o t o tb  d 

dt 

Ivacaction = 

where: cf = 

t bd  tbd t a 

fFdt+~ fPcellOt+°,~th,~ost, fP°~O~ eX(avg) 

t a t a tbd  

Fmeas~red + P c e l l  • A 
e X ( p ° s t )  e s t a b l i s h e d  from d a t a  d u r i n g  the  

Pch Ath(post) time interval from 22.45 to 23.45 
sec after ignition 

Fig. 9 Definition of Vacuum Total and Critical Impulse 
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Fig .  10 Detail of Products of Combustion Deposited on the Nozzle Exit 
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TABLE II 
SUMMARY OF MOTOR PERFORMANCE 

T e s t  N u m b e r  

T e s t  Da te  

M o t o r  S e r i a l  N u m b e r  

S i m u l a t e d  Al t i tude  at Igni t ion ,  ft  

A v e r a g e  S i m u l a t e d  Al t i tude  (Based  on Act ion  T i m e ) ,  ft 

A v e r a g e  Spin Ra te  dur ing  F i r i n g ,  r p m  

Ign i t ion  De lay  T i m e  (td), s e c  

Ac t ion  T i m e  (ta), s e c  

C r i t i c a l  T i m e  ( tc) ,  s e c  

To ta l  Burn  T i m e  (tt), s e c  

M a x i m u m  T h r u s t  (vac) ,  lbf  

M a x i m u m  C h a m b e r  P r e s s u r e ,  p s i a  

M e a s u r e d  I m p u l s e  ( f r o m  Igni t ion  unt i l  D i f f u s e r  B reakdown) ,  l b f - s e c  
A v e r a g e  of F o u r  C h a n n e l s  of Da ta  
M a x i m u m  D e v i a t i o n  f r o m  A v e r a g e ,  p e r c e n t  

C h a m b e r  P r e s s u r e  I n t e g r a l  ( f r o m  Ign i t ion  until  D i f f u s e r  B r e a k d o w n ) ,  
p s i a - s e c  
A v e r a g e  of T w o  C h a n n e l s  of Data  
M a x i m u m  D e v i a t i o n  f r o m  A v e r a g e ,  p e r c e n t  

Ce l l  P r e s s u r e  I n t e g r a l  ( f r o m  I g m t i o n  unt i l  D i f f u s e r  B reakdown) ,  p s l a - s e c  
A v e r a g e  of F o u r  C h a n n e l s  
M a x i m u m  D e v i a t i o n  f r o m  A v e r a g e ,  p e r c e n t  

V a c u u m  I m p u l s e  ( B s s e d  on T i m e  I n t e r v a l  f r o m  I g m t l o n  unt~l D i f f u s e r  
B reakdown) ,  l b f - s e c  

V a c u u m  T h r u s t  C o e f f i c i e n t  (cf) ( B a s e d  on 1 - s e c  Data  22 .45  to 23 .45  s e c  
a f t e r  I g m t l o n  and P o s t - F i r e  T h r o a t  Area )  

C h a m b e r  P r e s s u r e  I n t e g r a l  ( f rom D i f f u s e r  B r e a k d o w n  unt i l  C h a m b e r  
P r e s s u r e - t o - C e l l  P r e s s u r e  Ra t io  E q u a l s  1 .3) ,  p s i a - s e c  

C h a m b e r  P r e s s u r e  I n t e g r a l  ( f rom D i f f u s e r  B r e a k d o w n  unt i l  C h a m b e r  
P r e s s u r e  E q u a l s  30 ps ia) ,  p s i a - s e c  

C h a m b e r  P r e s s u r e  I n t e g r a l  ( f rom D i f f u s e r  B r e a k d o w n  unt i l  C h a m b e r  
P r e s s u r e  E q u a l s  100 ps la) ,  p s i a - s e c  

V a c u u m  T o t a l  I m p u l s e  (Based  on tt), l b f - s e c *  

V a c u u m  C r i t i c a l  I m p u l s e  (Based  on tc) ,  l b f - s e c *  

V a c u u m  Ac t ion  I m p u l s e  (Based  on ta) ,  l b f - s e c *  

V a c u u m  S p e c i f i c  I m p u l s e  (Based  on V a c u u m  T o t a l  I m p u l s e  and 
C o n s u m e d  Weight ) ,  l b f - s e c / l b  m 

A v e r a g e  V a c u u m  T h r u s t  Coe f f i c i en t ,  cf,  (Based  on T o t a l  Burn  T i m e  
(t t) and A v e r a g e  P r e -  and P o s t - F i r e  T h r o a t  Area )  
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106,000 

100 ,000  

304.3  

0 .035  

25 .627  

26 .692  

35 .30  

12,963 

520.11 

248 ,814  
+0 .006  

1 0 , 4 0 1 . 4  
+0. 052 

3. 47010 
- 1 . 2 0  

249 ,592  

1. 738 

280 .26  

243 .60  

190.5  

256 ,616  

255 ,696  

254 ,366  

279. 12 

1. 727 

*Vacuum to ta l ,  c r i t i c a l ,  and ac t ion  i m p u l s e  def ined  in F ig .  9 
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TABLEI I I  

SUMMARY OF MOTOR PHYSICAL DIMENSIONS 

T e s t  N u m b e r  

T e s t  Date 

Motor  S e r i a l  N u m b e r  

P r e - F i r e  Motor  A s s e m b l y  Weight  ( Inc ludes  
Ign i t e r ) ,  l bm 

P o s t - F i r e  A s s e m b l y  Weight  ( Inc ludes  Igni ter} ,  l bm 

Expended  M a s s  ( Inc ludes  I g n i t e r  P rope l l an t}  
(AEDC), l b m  

M a n u f a c t u r e r ' s  S ta ted  P r o p e l l a n t  Weight  (Wp) 
( Inc ludes  I g n i t e r  P r o p e l l a n t ) ,  lb m 

Nozz le  T h r o a t  A r e a ,  in. 2 
P r e  - F i r e  
P o s t - F i r e  
P e r c e n t  Change  f r o m  P r e - F i r e  M e a s u r e m e n t  
A v e r a g e  

Nozz le  Exi t  A r e a * ,  in. 2 
P r e - F i r e  
Pos t  - F i r e  
P e r c e n t  Change  f r o m  P r e - F i r e  M e a s u r e m e n t  
A v e r a g e  

Nozz le  A r e a  Rat io ,  A / A *  
P r e  - F i r e  
P o s t - F i r e  
A v e r a g e  

RC0638-01 

7/20/66 

STV097 

1005.226 

85 .856 

919. 370 

913 .7  

13.403 
14.420 
+7 .588  
13.9115 

218 .568  
216 .968  
-0 .73  
217 .768  

16.31 
15.05 
15. 654 

* E x h a u s t  p r o d u c t s  r e m o v e d  b e f o r e  m e a s u r e m e n t s  

29 



UNCLA SS IF IED 
Security Classification 

oocuMe.} CO.TRO, OATA-R D 
(Secun ty  ctass l f tca tzon  of  t i t le ,  body o f_ a b s t r a c t  and index ing  annotatron .,nu,~t be entered when the overa l l  repor t  re c |aasai led)  

O R I G I N A T I N G  A C T I V I T Y  (Co],porate author)  ]za REPORT SECURITY C L A S S I F I C A T I O N  

Arnold Engineering Development Center UNCLASSIFIED 
ARO, Inc. , Operating Contractor ' 12b GROUP 
Arnold Air Force Station, Tennessee N/A 

3 REPORT T I T L E  

PERFOR~I~NCE OF THE AEROJET-GENERAL CORPORATION ALCOR IB SOLID- 
PROPELLANT ROCKET MOTOR UNDER THE COMBINED EFFECTS OF ROTATIONAL 
SPIN AND SIMULATED ALTITUDE 

4 D E S C R I P T I V E  NOTES (Type of  report and i n c l u s i v e  dates)  

N / A  

S A U T H O R ( S ) ( L a s t  name, f f r s tname ,  Jn l t la l )  

Bahor, L. R., ARO, Inc. 

6 REPO RT DATE 

O c t o b e r  1 9 6 6  
.a CONTR*CTORGRANTNO A F 4 0 ( 6 0 0 ) - 1 2 0 0  

b. S y s t e m  627A 

c P r o g r a m  E l e m e n t  6 4 4 0 6 1 2 4  

d 

7a T O T A L  NO OF PAGES J 7b NO OF REFS 

35  ] 3 
9a ORIGINATOR'S  REPORT NUMBER(S) 

A E D C - T R - 6 6 - 1 8 6  

9b OTHER REPORT NO(S) ( A n y  othernurmbare Chat may be a a a J ~ e d  
thJs report)  

N/A 

10 A V A I L A B I L I T Y / L I M I T A T I O N  NOTICES 

Qualified users may obtain copies of this report from DDC, and 
release to foreign governments or foreign nationals must have 
prior approval of BSD. 

I1 S U P P L E M E N T A R Y  NOTES 

N/A 

~z SPONSOR,Na .,U,TA.V ACT,V,TV 

Ballistic Systems Division (BSD) 
Air Force Systems Command (AFSC) 
Norton Air Force Base, California 

|3  A B S T R A C T  

One Aerojet-General Corporation, Alcor IB, solid-propellant 
rocket motor was successfully tested at an average simulated altitude 
of i00,000 ft while spinning about its axial centerline at an average 
spin rate of 304.3 rpm. The objective of this test was to evaluate 
the ballistic performance, tailoff characteristics, and structural 
integrity of the flightweight motor assembly under the combined 
effects of rotational spin and near-vacuum environment. The vacuum 
total impulse was 256,616 Ibf-sec; the vacuum specific impulse, based 
on the vacuum total impulse and pre- and post-fire weight difference, 
was 279.12 ibf-sec/ibm. The total burn time, defined as the time 
interval from the application of voltage to the igniter to the time 
when the chamber pressure-to-cell pressure ratio is 1.3, was 35.30 
sec. 

DD 1473 UNCLASSIFIED 
Security Classification 



t4 

Security Classification 

KEY WORDS 

s o l i d  p r o p e l l a n t s  

p e r f o r m a n c e  

r o c k e t  m o t o r  

s p i n  

a l t i t u d e  s i m u l a t i o n  

s t r u c t u r a l  i n t e g r i t y  

p r e s s u r e  

L I N K  A L I N K  B L I N K  C 

R O L E  WT R O L E  WT R O L E  WT 

INSTRUCTIONS 

1. ORIGINATING ACTIVITY:  E n t e r  the  name  and a d d r e s s  i m p o s e d  
of  the contractor ,  subcontractor ,  grantee, Department  o f  De- such as: 
fense a c t i v i t y  or other  organ iza t i on  (cot13orate author~) i ssu ing  
the repor t .  (I) 

2a. REPORT SECURITY CLASSIFICATION: Enter the over- 
all security classification of the report. Indicate whether (2) 
"Restricted Data" is included~ Marking is to be in accord- 
ance with appropriate security regulations. (3) 

2b. GROUP: Automatic downgrading is specified in DoD Di- 
rective 5200. 10 and Armed Forces Industrial Manual. Enter 
the group number. Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author- 
ized 

3. REPORT TITLE: Enter the complete report title in all 
capital letters. Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classlhca- 
tion, show title classification in all capitdls in parenthesis 
i m m e d i a t e l y  f o l l o w i n g  the t i t l e ,  

4. D E S C R I P T I V E  NOTES: If a pp rop r i a t e ,  en te r  the  type  of 
report ,  e.g., in ter im,  progress,  summary, annual,  or f ina l .  
G ive the i nc l us i ve  dates when a spec i f i c  repor t ing  per iod is 
covered. 

5. AUTHOR(S): Enter tl',e name(s) of author(s) as shown on 
or in the report. Entel last name, first name, middle initial 
If military, show rank and branch of service. The name of 
t h e  p r i n c i p a l  o; , thor zs an  a b s o l u t e  min imum r e q w r e m e n t .  

6. R E P O R T  D A T ~  E n t e r  the  d a t e  of the  repor t  a s  day,  
month,  year ;  or month,  year.  If more than  one  d a t e  a p p e a r s  
on the  report ,  u s e  d a t e  of p u b l i c a t i o n .  

7a. T O T A L  NUMBER OF PAGES:  T h e  to t a l  p a g e  coun t  
should  f o l l ow  normal pag ina t ion  procedures,  i.e., enter the 
number of  pages conta in ing  informat ion,  

7b. NUMBER O F  REFERENCES:  Enter the tota l  number o f  
re fe rences  c i ted  in the report .  

8a. C O N T R A C T  OR G R A N T  NUMBER: I f  appropr iate,  enter  
the app l i cab le  number o f  the contra~t  or grant under which 
the report  was wr i t ten.  

8b, 8c, & 8d. P R O J E C T  NUMBER: Entel  the appropr ia te  
m i l i t a r y  department i den t i f i ca t i on ,  such as p ro jec t  number, 
subpro jec t  number, system numbers, task number, etc. 

9a. OR IG INATOR 'S  RE, P O R T  NUMBER(S): Enter the o f f i -  
c ia l  repor t  number by which the document w i l l  be i den t i f i ed  
and con t ro l l ed  by the o r ig ina t ing  ac t i v i t y .  T h i s  number must 
be  unique to th is  report.  

9b. O T H E R  R E P O R T  NUMBER(S): I f  the report has been 
ass:gned any other  report numbers (ezther bF the  originator 
or by the sponsor), also enter tl'us number(s). 

10. A V A I L A B I L I T Y / L I M I T A T I O N  NOTICES: Enter  any hm- 
Ltat ions on fur ther  d i ssemina t i on  o f  the report ,  o ther  than those 

by secur i ty  c l ass i f i ca t i on ,  using standard s tatements 

" Q u a h f l e d  requesters  may obta in cop ies  of  th is  
report  from DDC, ,) 

" F o r e i g n  announcement and d lssera ina t ion  o f  th is  
report  by DDC is  not a u t h o r l z e d , "  

"U.  S. Government  a g e n c i e s  may o b t a i n  c o p i e s  of 
t h i s  report  durec t ly  from DDC. O t h e r  q u a l i f i e d  DDC 
u s e r s  s h a l l  r e q u e s t  th rough  

(4) " U .  S. mi l i ta ry  agenc ies  may obta in  cop ies  o f  th is  
repor t  d i r e c t l y  from DDC. Other  q u a l i f i e d  u s e r s  
s h a l l  r e q u e s t  th rough  

P| 
I 

(5) "All distribution of this report Is controlled, Qtlal- 
ihed DDC users shall request through 

b p) 

If the report has been furnished to the Ofhce of Technical 
Services, Department of Commerce, for sale to the pubhc, indi- 
cate this fact and enter the price, if known. 

11. SUPPLEMENTARY NOTES: Use for addltlonal explana- 
tory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the nameof 
the departmental project ofh~.e or laboratory sponsoring (pay" 
tn~ for) the research and development. Include address. 

13 ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it .nay also appear elsewhere in the body of the technical re- 
port. If additional space Is required, a continuation sheet shall 
be a t t a c h e d ,  

It is highly desirable that the abstract of classified reports 
be unclassified. Each paragraph of the abstract shall end with 
an indication of the military security classihcatlon of the =n- 
formation in the paragraph, represented as ITS), IS), (C), or (U) 

There is no hmitatlon on the length of the abstract How- 
ever, the suggested length is from 150 to 225 words. 

14. KEY WORDS: Key words are technzcally meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report. Key words must be 
selected so that no security classification is required, Identi- 
fiers, such as equipment model designation, trade name, military 
project code name, geographic location, may be used as key 
words but w, ll be followed by an indication of technical con- 
text. The assignment of hnks, rules, and weights is optional. 

Security Classification 


